The tendency to tautomeric equilibria of 5-(2-mercaptoacetylhydrazine)-3,5-dimethyl-∆ 2 -isoxazoline in solutions with the participation of not only the isoxazoline ring but also of ∆ 2 -pyrazoline and 1,3,4-thiadiazin-5(6H)-one forms was confirmed by 1 H and 13 C NMR spectroscopy. A new type of tautomeric transformations involving three different rings was found.
Introduction
We have shown earlier that the competition between two ring-chain transformations in solutions of the acetylacetone 1,3-alkanoylhydrazone oximes series gives rise to the implementation of a more complex variant of the equilibrium with the participation of two cyclic forms -ring-ring tautomerism of the 5-hydrazine-∆ 2 -isoxazoline -5-hydroxyamine-∆ 2 -pyrazoline type. 1 On the other hand, ring-chain tautomerism of acetone mercaptoacetylhydrazone with participation of a six-membered tetrahydro-1,3,4-thiadiazine ring in the equilibrium has been investigated recently. 2 It is evident, that the possibility of occurrence of the equilibrium between three cyclic forms: ∆ 2 -isoxazoline A -∆ 2 -pyrazoline C -tetrahydro-1,3,4-thiadiazine D (ring-ring-ring or three-ring tautomerism) in a solution could be expected in the case of acetylacetone 1,3-mercaptoacetylhydrazone oxime 2. The purpose of this study was to obtain previously unknown acetylacetone 1,3-mercaptoacetylhydrazone oxime and to investigate its tendency to tautomeric interconversions in solutions by 1 
Results and Discussion
It was found that compound 2 was obtained in high yield by the nucleophilic substitution of the hemiacetal OH group of 5-hydroxy-3,5-dimethyl-∆ 2 -isoxazoline 1 upon the action of mercaptoacetic acid hydrazide in methanol at room temperature. In the crystalline state compound 2 was found to exist as isoxazoline A. This proves to be true because the signal of sp 3 -hybrid atom C (5) at 99.4 ppm (N,O-environment) is present in its 13 C NMR spectrum recorded in the solid phase (Table 1) . Immediately after the dissolution of compound 2 in CDCl 3 , a doubling of individual signals of the isoxazoline form A is observed in 1 H NMR spectrum. This may be caused by the effect of restricted amide rotation in the hydrazine fragment with respect to the C-N bond (Tables 1 and 2 ). This is confirmed by the coalescence of the signals when the 1 H NMR spectrum is recorded at 100°C in DMF-d 7 . One day after compound 2 had been dissolved in CDCl 3 , in addition to two asymmetrical doublets forming a typical AB pattern at 2.82 and 3.02 ppm (protons H-4) in 1 H NMR spectrum, the second AB pattern at 2.69 and 3.28 ppm caused by presence of one more cyclic form appeared. Comparison of its spectral characteristics in the 1 H and 13 C NMR spectra with those of model compounds of the acetylacetone 1,3-alkanoylhydrazone oximes series 1 shows that the former has the pyrazoline C structure. The transition from weakly polar CDCl 3 to strongly polar basic solvents (pyridined 5 , DMSO-d 6 , DMF-d 7 ) leads to the slightly increasing content of the pyrazoline C form. Three days after the dissolution of compound 2 in DMF-d 7 , the signal of methyl protons at 1.78 ppm as well as two singlet signals of methylene protons appeared at 3.38 and 3.69 ppm. All these signals correspond to one more cyclic form. The coexistence in the solution of the third cyclic form is also proved by 13 C NMR spectra. Subsequently spectrum of compound 2 did not undergo any changes. This indicates that final equilibrium is established in the solution. The appearance of the above signals cannot be attributed to such structural properties of isoxazoline A or pyrazoline C forms as the restricted rotation of the amide fragment, since the high temperature record of the 1 H NMR spectrum of compound 2 in DMF-d 7 does not result in the coalescence of the double signals, and the signal at 73.3 ppm in the 13 C NMR spectrum of the third cyclic form shifts considerably upfield. This is not consistent either with the structure of 5-acylhydrazine-∆ 2 -isoxazoline, or with that of 5-hydroxyamine-∆ 2 -pyrazoline. This phenomenon can be attributed only to the three-ring tautomeric equilibrium between isoxazoline A form, pyrazoline C form, and tetrahydro-1,3,4-thiadiazine D form which is observed in solution. Hence, the phenomenon described here is a rare case of tautomerism of three different heterocycles and does not have any close literary analogues. It is also remarkable that the cyclic forms being in equilibrium are the result of intramolecular nucleophilic additions of functional fragments, which contain three different heteroatoms: the OH group (∆ 2 -isoxazoline ring), the NH group (∆ 2 -pyrazoline ring), and the SH group (1,3,4-thiadiazine ring).
Experimental Section
General Procedures. The 1 H and 13 C NMR spectra in solutions were recorded on a Bruker AC 200 and AM 500 spectrometers, and in solid phase on Bruker CXP 100 spectrometer (25 MHz) by the standard procedure using polarisation transfer and «magic angle» rotation at a frequency of 3 kHz. The quantitative composition of tautomeric forms was determined by integrating of the appropriate signals in the 1 H NMR spectra. A check of the reaction progress and of the purity of
